Effectiveness involves more than simple efficiency, which is limited to the production process assessment of peer operational units. Effectiveness incorporates both endogenous and exogenous variables. It is a fundamental driver for the success of an operational unit within a competitive environment in which either the liquidity of money in the market and the customers are considered to be scarce sources, or the New Public Management (NPM) is citizen/customer and goal-oriented. Additionally, with respect to short-run production constraints, the resources available and controllable by the operational units, as well as the legal status, we go beyond the traditional effectiveness assessment techniques by developing a modified or "rational" Quality-driven -Efficiency-adjusted DEA (MQE-DEA) model. This particular model provides a feasible effectiveness attainment path for every disqualified unit in order to meet high-perceived quality and high-efficiency standards. The input-output mix restructuring targets estimated by the original QE-DEA model are provided on a step-by-step basis in order to have realistic managerial implications.
INTRODUCTION
Effectiveness goes beyond simple efficiency, which is concentrated on assessment o f o p e r a t i o n a l u n i t s ' p r o d u c t i o n p r o c e s s . N a m e l y , i n S e r v i c e U n i t s ( S U s ) , effectiveness measurement incorporates efficiency and perceived quality, or customer/citizen satisfaction for the service received (Sherman & Zhu, 2006; Worthington & Dollery, 2000) . Effectiveness attainment is deemed a mid -tolong term driver of success for every active unit, especially for those that operate i n m a t u r e a n d h i g h l y c o m p e t i t i v e m a r k e t s w h e r e c u s t o m e r s a r e r e g a r d e d a s "scarce sources" (Hayes, 2008; Anderson & Fornell, 1994) .
The scope of the present paper is the development of a deterministic effectiveness assessment model. This model identifies benchmark units and target input and output levels for units that do not meet the high-perceived quality and high-efficiency criteria, at the same time taking into account, the feasibility of the outcomes for effectiveness attainment in the short-run. In order to estimate attainable optimization targets for each sample Decision Making Unit (DMU) we modify the Quality-driven -Efficiency-adjusted Data Envelopment Analysis (QE-DEA) model, put forth by Zervopoulos and Palaskas (2010) . The original QE-DEA model is based on the Quality-adjusted DEA (Q-DEA) approach i n t r o d u c e d b y S h e r m a n a n d Z h u ( 2 0 0 6 ) a n d h a s p a r t i c u l a r a p p l i c a b i l i t y t o effectiveness assessment settings in which a trade-off underlies the determinants of effectiveness.
In the first section of this study we review the literature on the component methods of the modified QE-DEA (MQE-DEA) (e.g., DEA and context-dependent DEA). In the following section, we analyze the mathematical underpinning of the QE-DEA as well as the algorithm of the MQE-DEA model. Evidence of the MQE-DEA technique application to Citizen Service Centers is provided in the fourth section. Conclusions are presented in the last section of the paper.
LITERATURE REVIEW
Studies related to the MQE-DEA approach methods follow, stressing the DEA and context-dependent DEA methods in order to provide insight to the developed step-by-step effectiveness assessment technique and its contribution to the effectiveness measurement field.
Data Envelopment Analysis (DEA)
DEA is the dominant non-parametric method in the comparative efficiency assessment literature put forth by Charnes, Cooper and Rhodes (1978) . The three scholars developed a mathematical programming technique for identifying, after a comparative assessment of the sample units' input-output transformation process, the efficiency benchmark operatio nal units, or Decisio n Making Units (DMUs), and determining either the minimum input-fixed output mix (input orientation), or vice versa (output orientation). Based on the peer assessment, a "production function" or generally a "production possibility surface" is formed without imposing it as it happens with the related to DEA stochastic methods (e.g., Stochastic Frontier Analysis).
DEA is a deterministic, extremal method that lacks statistical underpinning (Coelli e t a l . , 2 0 0 5 ) . A s a r e s u l t , t h e o u t c o m e s o f t h i s m e t h o d a r e v u l n e r a b l e t o d i m e n s i o n a l i t y p r o b l e m s , r a i s e d b y C o o p e r e t a l . ( 2 0 0 4 ) , a n d d a t a misspecification (Perelman & Satín, 2009; Cooper et al., 2007) . In this context, we prefer to use the term "estimation" rather than "determination" or "calculation" for the efficiency scores and target input and output values assigned to the sample DMUs after DEA application.
The sample operational units selected for DEA efficiency assessment are deemed homogenous as they engage and produce various amounts of common inputs and outputs respectively. A basic DEA model is the BCC (Banker, Charnes & Cooper, 1984) which assumes that Variable Returns to Scale (VRS) dominate the input-output transformation process. The BCC model seeks to reveal the operational units and compose the piece-wise linear reference set, with the maximum efficiency values (efficiency score ( e ) = 1, where 01 e ££) respecting the convexity condition.
Additio nally, by applying DEA optimization for each sample DM U, the optimal weights are assigned to input and output values in order to estimate the target input or output levels that lead the non-efficient DMUs ( 1 e< ) to the relative efficiency frontier.
The formulas developed to apply the BCC model are presented below: 
Context-dependent DEA
The context-dependent DEA methodology developed by Seiford and Zhu (2003) is a "rational" benchmarking technique that provides feasible input and output targets for efficiency attainment, taking into account short-term restrictions such a s r e s o u r c e s ' a v a i l a b i l i t y a n d c o n t r o l l a b i l i t y o v e r t h e i n p u t s e n g a g e d . T h i s "reasonable" approach of the original DEA method partitions the sample units into multiple efficiency reference sets. In other words, the first level best-practice frontier is the global efficiency benchmark formed solely by the operational units with efficiency score equal to unity and zero slacks. Unlike the traditional DEA models that cluster sample DMUs into two groups: efficient and inefficient, the context-dependent DEA classifies the remaining units, the inefficient ones, into second-level, third-level, and other lower-level best practice frontiers. The lowerlevel frontiers are considered intermediate or local targets (Zhu, 2009) .
By assuming n-number sample DMUs that engage m inputs to produce s outputs,
The partitioning algorithm produces efficiency strata has the following properties:
Step 1: Apply the BCC model to estimate the first-level efficiency benchmark
Step 2 
QUALITY-DRIVEN -EFFICIENCY-ADJUSTED DEA (QE-DEA)
The QE-DEA model put forth by Zervopoulos and Palaskas (2010) relaxes the two-dimensional analysis of effectiveness. The two dimensions of effectiveness: perceived quality (q) and efficiency (e) are depicted on the x-axis and the y-axis respectively of the plane, while the perceived quality-efficiency bundle determines the geometrical position of a Service Unit (SU). The developed model adopts the classification methodology of the Q-DEA model (Sherman & Zhu, 2006 ) s e p a r a t i n g t h e c h a r t i n t o f o u r s e g m e n t s : 1 ) h i g h -p e r c e i v e d q u a l i t y -h i g hefficiency (HQ-HE); 2) low-perceived quality -high-efficiency (LQ-HE); 3) lowperceived quality -low-efficiency (LQ-LE); and 4) high-perceived quality -lowefficiency (HQ-LE) (Figure 1 ). Additionally, efficiency and perceived quality cut-off l e v e l s a r e i n t r o d u c e d t o t h e c h a r t l i m i t i n g t h e f e a s i b l e a r e a o f t h e t w o determinants of effectiveness to the interval (0.2, 1].
The feasible area determination, regarding the efficiency scores, derives from the work of Paradi et al. (2004) , who revealed that faulty input and output data entries as well as missing values account for efficiency scores equal to or less than 0.2. Consequently, in case of efficiency scores as low as 0.2 or lower, the data entries should be reconsidered and cross-validated rather than embracing the efficiency results.
The original perceived quality scores are collected from questionnaire-based fieldwork research and classified into a five-point Likert scale response format ( T a b l e 1 ) . T o b e m o r e p r e c i s e , t h e f i v e -p o i n t r e s p o n s e f o r m a t a l l o w s t h e respondents to rate the satisfaction received by the service provided from the particular operational unit in an easily quantifiable way. For example, the fivepoint scale could stand for: 1 -very dissatisfied, 2 -dissatisfied, 3 -neither s a t i s f i e d n o r d i s s a t i s f i e d , 4 -s a t i s f i e d , a n d 5 -v e r y s a t i s f i e d . A p p l y i n g t h i s format, the average perceived quality or satisfaction scores referred to each sample unit are expressed by the consecutive closed interval [1, 5] .
The feasible area of the perceived quality or satisfaction scores is the conversion output of the five-point Likert scale into percentages. The conversion process relaxes the multiplication of the left-hand column scores in Table 1 by the value 0.2 leading to the right-hand column intervals of the same With regard to Table 1 , the feasible area of the perceived quality scores is determined by the adjusted interval [0.2, 1]. In this case, scores lower than 0.2 are excluded as a result of the full satisfaction rating conversion into percentage expressed by the unity and the adjusted quality score 0.2 respectively.
T h e a l g e b r a i c a n a l y s i s o f t h e Q E -D E A m o d e l t h a t f o l l o w s t h e g e o m e t r i c o n e
introduces a constraint to prevent the starting formula of the developed model, Formula 1, to become null. Respecting this constraint (
q ¹
), the first left-hand end point adjusted perceived quality score interval in Table 1 becomes open  (Table 2) .
Additionally, considering a unitary high-perceived quality target area, the merger of the bottom two right column intervals in Table 1 is recommended. Under those circumstances, value 0.8 is regarded as a baseline of satisfaction, alternatively, of high-perceived quality. In the same way, operational units that receive perceived quality score equal to 0.8 or greater meet the high-quality criterion and those that are below this threshold ( 0.8 q < ) are considered as low quality units. Regarding the aforementioned analysis, effective or high-perceived qualityhigh-efficiency (HQ-HE) units are considered those that simultaneously obtain a quality score equal to 0.8 or greater and an efficiency score equal to unity.
The novelty of the QE-DEA model is the zero-exclusion operational unit from the effectiveness assessment process. Unlike the Q-DEA model that suggests the removal of the low-quality -high-efficiency (LQ-HE) units from the evaluation sample in order to avoid any flaw in the determination of the benchmark/effective units, the QE-DEA model substituted the LQ-HE units by their hypothetical HQ-LE o n e s . T h e l a t t e r s e r v i c e u n i t s d e r i v e f r o m t h e f o r m e r a f t e r a b o o s t t o t h e i r perceived quality score sacrificing part of the efficiency standards (Figure 1 ). The actual and hypothetical units hold the same quality-efficiency mix. It goes without saying that the assumption underlying the QE-DEA model is the inverse relationship between quality and efficiency. The trade-off between the two dimensions of effectiveness is met in many service sectors, such as bank branches, restaurant chain stores, one-stop-shops (De Bruijn, 2007; Sherman and Zhu, 2006; Athanassopoulos, 1997; Anderson and Fornell, 1994) .
In the plane, we propose a downward movement of every LQ-HE operational unit to the HQ-LE segment respecting the original quality-efficiency relative size. Namely, in Figure 1 , the LQ-HE SU 'A', specified by the coordinates of the point
The QE-DEA model is based on a two-step algorithm:
Step 1: Run DEA (BCC) in order to estimate efficiency scores
Step 2: If the number of LQ-HE SUs is null, then stop. Otherwise, before defining the hypothetical HQ-LE SUs out of the actual LQ-HE SUs, calculate the trade-off between quality and efficiency for each LQ-HE SU. Next, determine the inputs of the hypothetical SUs keeping the outputs fixed (input oriented approach) and return to Step 1.
Adopting the QE-DEA algorithm, the best-practice frontier is formed solely by effective units that meet the high-perceived quality and high-efficiency standards. In other words, the benchmark SUs are exclusively those depicted in the HQ-HE line (Figure 1 ). The disqualified units appear in the HQ-LE and LQ-LE segments. After reapplying DEA, target input and output values result for the ineffective actual and hypothetical operational units 1 so as to meet the high-perceived quality and high-efficiency criteria.
Additionally, it should be highlighted that the efficiency score assigned to the hypothetical (LQ-HE) SUs is essential for the input variables' adjustment to highperceived quality standards.
T h e i n p u t l e v e l s r e s u l t i n g f r o m t h e s e c o n d p h a s e i n S t e p 2 o f t h e Q E -D E A algorithm are estimated rather than determined because of the possible variation of the assigned weights. To be more precise, the second phase in Step 2 is detached from the DEA linear programming optimization formulae. As a result, the weights attached to the input variables of the hypothetical units ( ' i x ) are expected to be an approximation of the final inputs, which will be calculated after returning to
Step 1 and reapplying DEA. The same applies to the efficiency score of the hypothetical SUs (e.g.
What is computed by the first stage QE-DEA algorithm application (Step 1 and Step 2), may differ from the efficiency scores estimated reapplying DEA at the second stage analysis, after the completion of
Step 2 of the QE-DEA algorithm. This possible deviation is due to the efficiency score sensitivity to data (input or output) perturbation. In this context, input variables' adjustment (e.g., increase) to high-perceived quality standards, when the outputs are fixed, does not necessarily lead to efficiency score decline.
Returning to Figure equi val en t po in t o f t he two s traig h t l ine s. It sho u ld be po in ted o u t t hat th e symmetry between the two dimensions of effectiveness is fixed for the actual and hypothetical units A and A', respectively, so that the latter active unit is derived from the former. 1 In a planar coordinate system, hypothetical unit is regarded as a projection of an actual low-perceived quality -high-efficiency unit to high-perceived quality -low-efficiency segment holding the original perceived quality -efficiency symmetry.
Given the distance function formula: 
In general, even if diverse quality and efficiency cut-off points are chosen (cut-off points ¹ 0.2), (2) 
Equation (4) is the generalized formula [Appendix -Section 1] used to determine the efficiency scores (e A ') of the hypothetical SUs: 
Since the new efficiency score (e A ' ) h a s b e e n c a l c u l a t e d , t h e i n p u t s o f t h e hypothetical operational units should be adjusted holding the outputs fixed (input orientation).
Efficiency ratio was defined by Charnes et al. 
Functions (5)- (7) are applied for estimating the efficiency scores of actual SUs. In order to form hypothetical operational units, the inputs should be adjusted, given the input orientation of the analysis. In that case, functions (5)- (7) should be altered substantially: 
In the above system of equations, ' e is known as far as it is the ordinate of the hypothetical point A' ( ' , ' 
MODIFIED QE-DEA (MQE-DEA)
QE-DEA and context-dependent DEA form a realistic effectiveness assessment context for customer-oriented service organizations which is particularly applicable to cases in which inverse relationship connects the dimensions of effectiveness.
By ta ki ng in to co n side rat io n th e pro per tie s o f the two me t ho ds, t he Q E-D EA algorithm is altered substantially:
Step 1: Run traditional DEA (BCC) in order to estimate efficiency scores.
Step 2: If the number of LQ-HE SUs is null, then apply the context-dependent DEA algorithm and stop. Otherwise, before defining the hypothetical HQ-LE SUs of the actual LQ-HE SUs, calculate the trade-off between quality and efficiency for each LQ-HE SU. Next, determine the inputs of the hypothetical SUs keeping the outputs fixed (input oriented approach)
Step 3: Introduce the hypothetical SUs, consequently the hypothetical inputs, to the dataset and apply the context-dependent DEA algorithm.
The modified QE-DEA model returns a deterministic step-by-step path for effectiveness attainment.
NUMERICAL EXAMPLE

Data description
The MQE-DEA model application is based on data from the Citizen Service Centers (CSCs), governmental one-stop service provision agencies. Fifty SUs comprise the sample, out of 1020 operating in Greece, serving about 60% of the citizens who visit CSCs for administrative issues. The number of inputs and outputs selected is s i x ( n u m b e r o f f u l l -t i m e e m p l o y e e s , w e e k l y w o r k i n g h o u r s , n u m b e r o f P C s , number of fax machines, number of printers, surface of each CSC) and three (number of electronic protocol registered services provided, number of manual services provided, number of served citizens) respectively.
The perceived quality or citizen satisfaction data collected through structured questionnaires is applied to each sample CSC separately. The fieldwork research was grounded on the SERVQUAL methodology put forth by Parasuraman et al. (1988) . The dimensions of perceived quality selected were: responsiveness, a s s u r a n c e , r e l i a b i l i t y a n d p h y s i c a l f a c i l i t i e s o r t a n g i b l e s . T h e n u m b e r o f questionnaires used to calculate the average perceived quality score for each sample CSC, after the exclusion of those deemed "unreliable" according to the Cronbach's Alpha criterion, is 1024.
MQE-DEA application
The first step of the MQE-DEA model requires sample SUs efficiency scores e s t i m a t i o n a n d p e r c e i v e d q u a l i t y d e t e r m i n a t i o n . A d o p t i n g t h e M Q E -D E A algorithm, the BCC model is applied for the SUs efficiency assessment. 
c t i v a t e d i n o r d e r t o i d e n t i f y t h e h y p o t h e t i c a l c o u n t e r p a r t s o f t h e H E -L Q
operational units. Namely, the 5 HE-LQ SUs are removed from the sample and replaced by an equal number of LE-HQ hypothetical units that keep the inputoutput symmetry of the actual units fixed.
B y a p p l y i n g F o r m u l a ( 4 ) o f t h e Q E -D E A m o d e l a n d a r b i t r a r i l y s e l e c t i n g t h e minimum high-perceived quality value ( 0.800 q = ) we estimate the efficiency scores of the hypothetical units. Respecting the assumption of the QE-DEA model that a trade-off between efficiency and perceived quality appears, the increase of the perceived quality levels leads to efficiency score decline. The perceived quality rise requires additional resources engagement. As a result, the hypothetical SUs use higher level of inputs than their actual counterparts. The hypothetical input levels are calculated by the Formula (9) application of the QE-DEA model. effectiveness benchmark for the SUs from the lower-level frontier while all the operational units are simultaneously HE-HQ and slack-free. The location of the remaining three quality-adjusted SUs on lower level best-practice frontiers is due to the non-zero slacks of their production process. In fact, SUs 31 and 32 are benchmarks for many of their sample counterparts, unlike SU51 which is not a target for any peer (Appendix : Table 6B ). We already have pointed out that the MQE-DEA method is a realistic approach for effectiveness assessment. For instance, comparing the one-step and two-step s c e n a r i o s f o r e f f e c t i v e n e s s i m p r o v e m e n t o f a L e v e l 3 S U ( e . g . , S U 1 2 ) , i t i s obvious that the intermediation of a best practice frontier results in less radical interventions to the production process. Namely, the two-step approach returns smoother modifications to the input levels than the one-step strategy. 
CONCLUSION REMARKS AND FURTHER RESEARCH
SUs' operational success is not only a matter of production process optimization detached from exogenous variables. In this context, stand-alone efficiency measurement, which is concentrated on input-output transformation process assessment, cannot ensure mid -to -long term success or even viability for a unit that acts in a competitive environment.
I n t h i s p a p e r , w e d e v e l o p a n e f f e c t i v e n e s s a s s e s s m e n t m e t h o d t h a t y i e l d s endogenous and exogenous variable sensitive target input values (input-oriented approach). The introduced method discharges the mainstream microeconomic theory of all-time profit maximization, indicating the optimum production at the output maximization -input minimization level. It proposes additional resources' engagement (investment) in order to achieve customer satisfaction and loyalty, secure the current sales level, and even look for a higher level. Such a strategy is deemed extroverted in comparison with the introverted efficiency-oriented approaches.
The developed MQE-DEA model estimates feasible short and long term optimization solutions for SUs production process. By sacrificing the profit maximization concept, it identifies "balanced" input and output levels that meet the optimum endogenous and exogenous variables mix. The MQE-DEA model has substantial applicability when a trade-off underlies the controllable and noncontrollable determinants of effectiveness.
Further research is needed to develop an output-oriented MQE-DEA model and to extend the current one when non-discretionary input and output variables appear. Additionally, the two-dimensional MQE-DEA technique could be applied to multi-dimensional settings when multiple contextual variables determine effectiveness.
APPENDIX Section 1
Equation (3) can be rewritten as: 
Section 2
Equation (8) , 5, 8, 11, 12, 16, 18, 1 34, 43, 44, 45, 46, 47, 48 32 2, 5, 6, 7, 8, 9, 13, 18, 1 36, 47 41 4 49 42
